Introduction
Metabolic syndrome (MetS) is recognized as a constellation of symptoms, including insulin resistance or impaired glucose metabolism, dyslipidemia, elevated blood pressure, and central obesity, which are not only associated with the subsequent development of cardiovascular diseases but also increased the risk of cardio-vascular disease mortality and all-cause mortality [1] [2] [3] . Among these metabolic abnormalities, insulin resistance and central obesity have been recognized as the common underlying mechanism of MetS 1, 4) . Early detection and treatment of MetS had been proved to prevent further cardiovascular disease 1) . Brachial-ankle pulse wave velocity (baPWV), a non-invasive examination, reflects the stiffness of both central and peripheral muscular arteries 5, 6) and serves as a simple index of the severity of arterial stiffness and atherosclerosis 5) . Previous reports had proved that baPWV was associated with cardiovascular disease 7, 8) .
Research had also found that a persistent MetS status exacerbated the severity of arterial stiffening in middle-aged Japanese men and resolution of the MetS status was associated with attenuation of the progression of vascular damage 9) . Yamashina et al. had proved that baPWV is a marker of atherosclerotic vascular damage and cardiovascular risk and proposed that a cut-off value of 1,400 cm/sec serves to screen subjects, especially middle-aged subjects, of either gender 8) . No appropriate cut-off value of baPWV has been proposed in Chinese. Previous studies had found that baPWV is associated with MetS in Japanese and Koreans [10] [11] [12] , but not in Chinese. Furthermore, most of these studies had a small sample size and were not population-based studies, so we conducted a populationbased study in a metropolitan city in Taiwan to assess the relationship between baPWV and MetS. We then evaluate the optimal cut-off value of baPWV for diabetes, hypertension, and MetS in Taiwan Chinese.
Materials and Methods
The target population consisted of residents aged 40 and above in Taichung city, Taiwan in October, 2004. There were 363,543 residents of this area during the study, which represented about 4.09% of the national population of the same age. A two-stage sampling design was used to select residents, with the sampling rate proportional to size within each stage; 4,280 individuals were selected. During household visits, we identified 750 individuals that were ineligible and excluded them from the study sample. The reasons for exclusion included death (n 18), hospitalization or imprisonment (n 14), living abroad (n 39), moving out (n 411), living in their child's house (n 7), error in the sampling frame (n 59), and not being at home during 3 visits made by interviewers (n 202). Among 3,530 individuals selected, 2,359 agreed to participate; thus, the overall response rate was 66.8% 13, 14) . Among them, 1,305 individuals who had their serum insulin level checked were selected.
Subjects with a history of cardiovascular disease or an ankle-brachial index 0.9 were excluded; the final population was 1,018 subjects. There was no statistical significance between insulin and non-insulin check-up groups among the body mass index (BMI), waist circumference (WC), baPWV, and the prevalence of MetS.
Anthrometric Index and Laboratory Tests
Trained staff measured height, WC, hip circumference (HipC), weight, and blood pressure as in previous reports 13, 14) . BMI was calculated as weight (kg) divided by height squared (m 2 ), which was divided into four groups by quartiles. Blood was drawn in the morning after a 12-hour overnight fast and was sent for analysis within four hours of collection. Biochemical markers, such as total cholesterol (TCHOL), highdensity lipoprotein cholesterol (HDL-C), triglycerides, and fasting glucose level, were analyzed using a biochemical autoanalyzer (Beckman CouHer, Fullerton, CA, USA) in the Department of Clinical Laboratory (China Medical University Hospital, Taichung, Taiwan). Homeostasis model assessment was used to estimate the degree of insulin resistance [HOMA-IR fasting insulin fasting serum glucose/22.5, with insulin in U/mL and glucose in mmol/L]. HOMA-IR was also grouped in quartiles. Age was divided into four groups: 40 − 49, 50 − 59, 60 − 69, 70 years and above.
Sociodemographic Factors & Lifestyle Behaviors
Age, gender, employment, education, diet habit, physical activity and medical history were collected by self-administered questionnaires. Smoking, alcohol drinking, and betel nut chewing history were divided into 3 classes as follows: never, former, and current. Physical activity status was divided into 2 classes: never/seldom and current.
Metabolic Syndrome and Pulse Wave Velocity
MetS was defined clinically, based on the presence of three or more of the following American Heart Association and the National Heart Lung Blood Institute (AHA/NHLBI) MetS criteria 1) : (1) central obesity (WC 90 cm in men, and 80 cm in women), (2) high triglycerides level ( 1.7mmol/L or on drug treatment for elevated triglycerides), (3) low HDL-C level ( 1.03 mmol/L in men and 1.30 mmol/L in women or on drug treatment for reduced HDL-C), (4) high blood pressure (systolic BP 130 mmHg or diastolic BP 85 mmHg or under anti-hypertensive drug treatment in a patient with a history of hypertension), and (5) high fasting plasma glucose concentration ( 5.5 mmol/L or on drug treatment for ele-vated glucose). Diabetes was defined as fasting plasma glucose concentration 7.0 mmol/L or on drug treatment for diabetes. Hypertension was defined as systolic BP 140 mmHg or diastolic BP 90 mmHg or on drug treatment for hypertension. BaPWV was measured non-invasively with subjects in the supine position in the four limbs using a VP-1000 automated PWV/ABI analyzer (PWV/ABI; Colin Co. Ltd., Komaki, Japan) 5) . For every subject, the average of left and right baPWV was calculated for subsequent analyses. 
Statistical Analysis:
The data are presented as the means and SD unless otherwise indicated. Student's t-test was used to compare mean values. Log transformation was used for variables with significant deviation from normal distribution, assessed by the Kolmogorov-Smirnov test before further analyses. Analysis of variance (ANOVA) was used to compare continuous variables across baPWV quartiles. The Cochran-Armitage trend test was used to compare differences in lifestyle variables (smoking, alcohol drinking, betel nut chewing, and physical activity), the prevalence of MetS, and its individual components across baPWV quartiles. Multivariate logistic regression analysis was used to estimate the odds ratios (ORs) of MetS by age, BMI, HOMA-IR, baPWV groups, smoking, alcohol drinking, betel nut chewing, and physical activity status. One-way ANOVA was used to test the mean baPWV according to the number (0, 1, 2, 3, 4 − 5) of components of MetS using AHA/NHLBI criteria in both genders. Receiver operating characteristic (ROC) analysis was used to compare their predictive validity, and to find their optimal cut-off values 15, 16) . The area under the curve (AUC) is a measure of the diagnostic power of a test. A perfect test will have an AUC of 1.0 and an AUC 0.5 means the test performs no better than chance. Sensitivity and specificity of the baPWV have been calculated at all possible cut-off points to find the optimal cut-off value. The optimal sensitivity and specificity were values yielding maximum sums from ROC curves. All statistical tests were 2-sided at the 0.05 significance level. ANOVA was used to evaluate the trend between baPWV and the number of MetS components. These statistical analyses were performed using the PC version of SPSS statistical software (13th version; SPSS Inc., Chicago, IL, USA).
Ethics approval for patient recruitment and data analysis was obtained from the Institutional Review Board of the China Medical University Hospital.
Results
In Table 1 , we found that men had higher age, height, weight, BMI, WC, systolic BP, diastolic BP, fasting glucose, triglycerides, insulin, HOMA-IR, and baPWV than women. Table 2 shows the basic characteristics across baPWV quartiles. We found that age, BMI, WC, systolic BP, diastolic BP, fasting glucose, TCHOL, and triglycerides were statistically increased by baPWVquartiles. In Table 3 , we found that the prevalence of MetS and some of its components (central obesity in women, elevated BP in both genders, elevated fasting glucose in both genders, and elevated triglycerides in women) were statistically increased by the increase of baPWV quartiles. We also found that the prevalence of MetS was statistically increased by the increase of age groups, and HOMA-IR/BMI/ baPWV quartiles (data not shown). BaPWV level was calculated according to the number of MetS components between genders. The mean baPWV level increased with an increased number of MetS compo- nents in both genders (test for trend: both p 0.001, Fig. 1 ). After adjusting for age, BMI, HOMA-IR, smoking, alcohol drinking, betel nut chewing, and physical activity status, multiple logistic regressions revealed that baPWV groups were significantly associated with MetS ( Table 4) Table 5 .
Discussion
In this study, we demonstrated that the prevalence of MetS and its individual components were increased by the increase of baPWV quartiles. After adjustment for age, BMI, HOMA-IR, smoking, alcohol drinking, betel nut chewing, and physical activity status, multiple logistic regressions revealed that baPWV groups were significantly associated with MetS. The baPWV increases with an increased number of MetS components. The cut-off values of baPWV to predict diabetes, hypertension, and MetS were found to be higher than Yamashina's suggestion. Although the association between MetS and arterial stiffness had been proved by many studies 11, [17] [18] [19] [20] , there seems to be a gender difference. For example, a previous study in Korea found that MetS is associated with baPWV in women, but not in men 21) . This study also found that reduced HDL-C is not associated with PWV in both genders, similar to our study. Ferreira et al. also found that PWV increased with increasing traits of MetS in women only 22) ; however, Nakanishi et al. found that baPWV is strongly associated with MetS in both genders in Japanese 23) . In the present study, we found that MetS is significantly associated with men as well as women. The difference between genders needs further study.
Obesity and insulin resistance are the main pathophysiologic mechanisms of MetS 1, 4, 24) . In this study, we found that age, BMI, and insulin resistance (present with HOMA-IR) were all significantly associated with MetS in both genders. With the increase of age group, BMI, insulin resistance, and baPWV quartiles, the prevalence of MetS also increased in our study, similar to other studies 4, 24, 25) . Another study in Japan found that an increased number of MetS components was highly correlated with increased baPWV. The author concluded that the underlying mechanism was probably due to insulin resistance 11) . As we know that age is one of the major determinants of baPWV, in the present study, we proved that baPWV was not only associated with MetS after adjustment for obesity, insulin resistance, age, and other lifestyle factors but was also associated with the number of MetS components. Blood pressure is another major determinant of baPWV 20) , but hyperglycemia, central obesity, and dyslipidemia were the traits associated with arterial stiffness 17) . In addition to high blood pressure, however, central obesity, dyslipidemia, and hyperglycemia were all significantly associated with baPWV in our study. Except for obesity and insulin resistance, the linkage between baPWV and MetS may be through the inflammation response. Research had found that the chronic inflammation response induced endothelial cell dysfunction, and progressed to atherosclerosis, and then caused cardiovascular disease 26, 27) . In the present study, we found that the level of high-sensitivity C-reactive protein (hs-CPR) increased with an increased number of MetS components and the baPWV quartiles (data not shown). Inflammation (assessed by hs-CPR) may be the underlying mechanism between baPWV and MetS.
An appropriate cut-off value of baPWV was proposed by Yamashina et al. 8) . They found that a cut-off value of 1,400 cm/sec was enough to detect atherosclerotic vascular damage and cardiovascular risk in middle-aged Japanese. In our study, however, the optimal cut-off values of baPWV for MetS were higher than Yamashina's suggestion. The optimal cut-off value of baPWV for MetS value is around 1,540 cm/sec in men and 1,480 cm/sec in women, higher than Yamashina's suggestion and showing a gender difference. The mean values of baPWV (adjusted for age, smoking . In our study, the mean values of baPWV (adjusted for age, smoking and alcohol drink status) for MetS ( 3 components of MetS) were 1,728 cm/sec in men and 1,729 cm/sec in women, respectively (data not shown). From these data, it can be seen that the cut-off value of baPWV (1,400 cm/sec) for cardiovascular disease is not appropriate. Further longitudinal study is necessary to clarify the appropriate cut-off value of baPWV in Asian populations.
There are some limitations of the study. First, this is a cross-section study; we do not have the exact events of cardiovascular disease, so we can not prove the causality between baPWV and MetS; however, we found a close association between baPWV and MetS as well as the MetS components, which are all risk factors of cardiovascular disease. Further prospective study is therefore necessary. Secondly, the population is from a metropolitan city in Taiwan, and may not suitable to be applied for rural areas in Taiwan as well as other countries; however, many other similar studies support our hypothesis. Differences between race and gender should be studied in the future.
In conclusion, baPWV was associated with risk factors of cardiovascular disease in the present study. The optimal cut-off values of baPWV for MetS were found to be different in the previous study, which should be taken as a screening value to detect cardiovascular disease in Chinese. BaPWV measurements can be used as a routine clinical examination in the general population to detect MetS, which is a major cardiovascular disease in Taiwan Chinese. This merits further study.
